t 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



1-/22 



FIG. 1 




ABS 
PLAN E 



Z 
A 



X 




FIG. 2 




130 



13 12 



11 10 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



2/22 



FIG. 3 




ABS 
PLANE 



Z 
A 




FIG. 4 




Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



3/22 



FIG. 5 




ABS 
PLANE 



Z 

X®-— >Y 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



4/22 



FIG. 6 




X<— <§)Y 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



22 



FIG. 7 




ABS 
PLANE 

Z 
A 



X® 



Y 



FIG. 8 



56 



61 60 59 58 57 




55 



54 



53 52 51 50 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



22 



FIG. 9 




ABS 
PLANE 

Z 
A 



X 




FIG. 10 



81 80 79 78 77 




76 75 74 72 71 70 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



7/22 



FIG. 11 




ABS 
PLANE 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



8/22 



FIG. 12 



109 107 105 
108 / 106 / 104 




103 102 100 ' 98 96 95 g4 



92 



Z 
A 



X 



■0Y 



FIG. 13 




123 
120 



Divisional Patent Application Filed July 22, 2003 
Inventors:. SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771 961 US 



9/22 



FIG. 14 



4000 



3000 



♦ P1 = 20A 

O P1 -40A 



2000 




1000 



THICKNESS OF P2 (A) 



i } 
i i 
i i 



20A 



40A 



1 \ \0.66 



JkA \ o. 



0.4 0.33 0.28 



1.1 0.91 0.53/ I I 



2 ( 1.33 ^ 1 (( 0.8 0.66 0.57 



» » 



1.8 1.05 0.95 0.88 



THICKNESS OF P1 / THICKNESS OF P2 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV-339771961 US 



10/22 



FIG. 15 



DC 

< 



10 

9 
8 

7 
6 

5 
4 
3 
2 
1 
0 























































































< 


► 


< 




































till 


I I 1 1 


1111 


1 1 1 1 


1 I1J 


. 1 1 1 t 


1111 



0 10 20 30 40 50 60 70 



THICKNESS OF P2 (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281 /4596 
Express Mail Mailing Label No. EV 339771961 US 



11/22 



FIG. 16 



CD 
O 



X 
CD 



3000 



2000 



1000 



500 



0 




THICKNESS OF PI (A) 



i 

1 _L 



J-U- 



0.33 J 0.66 j 1 V 1.33 (1.66 2 2.33 
0.56 0.93 1.06 1.60 



THICKNESS OF PI / THICKNESS OF P2 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



12/22 



FIG. 17 



< 



10 

9 
8 

7 
6 

5 
4 
3 
2 
1 
0 





























































1 












1 
































1 1 1J— 


ill) 


1 1 1 I 


. 1 1 l_L_ 


1 1 1 1 


till 


III! 



0 



10 



20 30 40 



50 60 70 



THICKNESS OF P1 (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



13/22 



4000 



3000 



CD 
O 



X 



2000 



1000 



500 



FIG. 18 



• P1 (UPPER) CHANGED '„ 
WITH P1 (LOWER) AT 25A 

O P1 (LOWER) CHANGED . 
WITH P1 (UPPER) AT 25A 



0 



1 J_ L 



I I L 




10 20 30 

THICKNESS OF P1 (A) 



i i I 



0.5 0.7 0.9 1.1 1.3 1.5 
0.6 0.8 1 1.2 1.4 



THICKNESS OF P1 / THICKNESS OF P2 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
• Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



14X22 



FIG. 19 



5000 



4000 



3000 



2000 



1000 



O 



ANTIFERROMAGNETIC LAYER IS 
ABOVE FREE MAGNETIC LAYER 
(TOP TYPE) 

ANTIFERROMAGNETIC LAYER IS 
BELOW FREE MAGNETIC LAYER 
(BOTTOM TYPE) 




2-5 z-3.6 )6.2 

2.8 4 

6.4 



THICKNESS OF Ru (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



15/22 



FIG. 20 



6000 - 



5000 



I — l : 1 1 — — — 

» FIRST EMBODIMENT Pt-Mn 
_.. (TOP TYPE) 

O SECOND EMBODIMENT Pt-Mn 

- (BOTTOM TYPE) 

FIRST COMPARATIVE EXAMPLE Pt-Mn ™ 
_ (TOP TYPE) 

r- A SECOND COMPARATIVE EXAMPLE Pt-Mn 

- (BOTTOM TYPE) 



4000 



3000 



2000 



1000 
500 



0 




0 9 q 100 200 300 400 500 



THICKNESS OF Pt-Mn (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



16/22 



FIG. 21 



CP 

O 



x 

CD 



2000 



1500 



1000 



500 



0 



• EMBODIMENT Pt-Mn 

O COMPARATIVE EXAMPLE Pt-Mn 




0 100 ^ 200 300 400 500 

110 

THICKNESS OF Pt-Mn ( A ) 



FIG. 22 



15 



10 



0 























1 1 1 I 


III! 


1 1 1 1 


1 1 1 1 


1 1 1 1 



0 



100 200 300 400 500 



THICKNESS OF Pt-Mn (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 • 
Express Mail Mailing Label No. EV 339771961 US 



17/22 




. 23 



CD 

O 



X 
CD 



4000 



3000 



2000 



1000 



500 



0 



0 



1 

- Ft 


= NiFe 40 


A / Co 10 


A, PINNE 


:d 


































1 




1 




i 


! i 1 



24 - " -f 82 
THICKNESS OF F2 (A) 



I L 



2.1 



J- I I I 1 : L 



i£ 



0.61 



J I 



1.67 1 
2.5 1.25 



0.71 0.56 
0.83 0.63 0.5 



THICKNESS OF F1 / THICKNESS OF F2 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



10 



8 



0 



0 



L 



18/22 



FIG. 24 



F2 = NiFe 20A, PINNED 




20 



40 60 80 100 
THICKNESS OF Ft (A) 



J L 



1 



1 



i 



J 



0.5J 1 1.5 2 2.5 3 3.5 4 4.5 5 
0-56 0.83 1.25 



THICKNESS OF F1 7 THICKNESS OF F2 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



19/22 



FIG. 25 



4000 



3000 



2000 



1000 



500 



0 



— 






■ ■ 




















i;i i i ii 




i i i ii 



0 



5(5.9 no 

5.5 9.4 



2 



THICKNESS OF Ru (A) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



20 / 22 



FIG. 26 



10 



DC 



8 





■■■ i i i 

— PRESENT INVENTI 
-- KNOWN ARRANGE 


ON 
MENT 






4- 1 


j - i 

r~ I 

f / 










1 
1 

■ / 


i 

/ 










/ 

V 
/ 


vr 

H 






< 


4— 
-j 


/ 

/ 

/ 











0 

3000^ -2000 -1000 \ 0 
-2800 -900 



1000 2000 3000 



EXTERNAL MAGNETIC FIELD (Oe ) 



Divisional Patent Application Filed July 22, 2003 
Inventors; SAITO et al. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



21/22 



FIG. 27 



3000 



2000 



1000 — 



0 



- i — 1 

• PRESENT INVENTION (Pt-Mn) > 
O FIRST KNOWN EXAMPLE (Pt-Mn) 
A SECOND KNOWN EXAMPLE (NiO) 
▲ THIRD KNOWN EXAMPLE (Fe-Mn) 




0 I I J I I 



100 



ill 
200 300 



400 



ENVIRONMENT TEMPERATURE (°C) 



Divisional Patent Application Filed July 22, 2003 
Inventors: SAlTOetal. 
Attorney Docket No. 9281/4596 
Express Mail Mailing Label No. EV 339771961 US 



22/22 



FIG. 28 

PRIOR ART 




z 

A 



FIG. 29 

PRIOR ART 




ABS 
PLANE 

Z 




